Background/Aims: Barcelona Clinic Liver Cancer (BCLC) C stage demonstrates considerable heterogeneity because it includes patients with either symptomatic tumors (performance status [PS], 1-2) or with an invasive tumoral pattern reflected by the presence of vascular invasion (VI) or extrahepatic spread (EHS). This study aimed to derive a more relevant staging system by modification of the BCLC system considering the prognostic implication of PS. Methods: A total of 7,501 subjects who were registered in the Korean multicenter hepatocellular carcinoma (HCC) registry database from 2008 to 2013 were analyzed. The relative goodness-of-fit between staging systems was compared using the Akaike information criterion (AIC) and integrated area under the curve (IAUC). Three modified BCLC (m-BCLC) systems (#1, #2, and #3) were devised by reducing the role of PS. Results: As a result, the BCLC C stage, which includes patients with PS 1-2 without VI/EHS, was reassigned to stage 0, A, or B according to their tumor burden in the m-BCLC #2 model. This model was identified as the most explanatory and desirable model for HCC staging by demonstrating the smallest AIC (AIC=70,088.01) and the largest IAUC (IAUC=0.722), while the original BCLC showed the largest AIC (AIC=70,697.17) and the smallest IAUC (IAUC=0.705). The m-BCLC #2 stage C was further subclassified into C1, C2, C3, and C4 according to the Child-Pugh score, PS, presence of EHS, and tumor extent. The C1 to C4 subgroups showed significantly different overall survival distribution between groups (p<0.001). Conclusions: An accurate and relevant staging system for patients with HCC was derived though modification of the BCLC system based on PS. (Gut Liver 2019;13:557-568 ) 
INTRODUCTION
The Barcelona Clinic Liver Cancer (BCLC) staging system is the most frequently used staging system among patients with hepatocellular carcinoma (HCC) worldwide. 1, 2 Major leading international liver study groups such as the American Association for the Study of Liver Diseases, the American Gastroenterological Association, and the European Association for the Study of Liver have endorsed the BCLC staging system. 1, 3 However, the BCLC staging system has several limitations. 4 One of the most well-known limitations of the BCLC is the heterogeneity of the BCLC B. 5, 6 The heterogeneity of BCLC B has been the center of controversy in recent years, and numerous studies for appropriate subclassification of BCLC B stage have been reported. 5, 7, 8 Compared with BCLC B stage, the heterogeneity of BCLC C stage has received relatively little attention. However, it is also an important problem that hinders the clinical application of the BCLC system. According to the definition of the BCLC system, C stage comprises patients with either symptomatic HCC (performance status [PS], 1-2), or with an invasive tumoral pattern reflected by the presence of vascular invasion (VI) or extrahepatic spread (EHS). 1, 9 According to this definition, the patients with PS 1-2 but without EHS/VI are also categorized to C stage, and it causes considerable heterogeneity in the aspect of tumor burden. PS is generally considered as a good physical parameter and prognostic indicator in cancer patients. 10, 11 Nevertheless, PS has several considerable limitations in patients with HCC. First, PS is This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. subjective, difficult to define, and an immeasurable parameter. Thus, PS might be reported inaccurately and its reproducibility often does not meet expectation. 12, 13 And, it is hard to discriminate whether the symptoms are caused by tumor itself or by the other issues including underlying liver cirrhosis. Despite the aforementioned limitations, PS is one of the major determinants for stratifying HCC stage in the BCLC system, particularly for BCLC stage C. Therefore, verifying whether it is better to maintain the present BCLC system despite the heterogeneity caused by PS or to modify the BCLC system by reducing the role of PS and allocating weight to the tumor extent is necessary.
In this study, we aimed to assess the prognostic implication of PS in the BCLC staging system and to propose modification of the BCLC staging system by considering the prognostic impact of PS in patients with HCC. We also proposed the subclassification of BCLC stage C to facilitate treatment decision in clinical practice.
MATERIALS AND METHODS

Data extraction and definitions
The nationwide Korean multicenter HCC registry database provided by the Korean Liver Cancer Study Group (KLCSG) was analyzed. 10 initial treatment modality, initial treatment date, and overall survival (OS). The diagnosis of HCC was made by the results of typical radiological features, such as early arterial enhancement and delayed wash-out in at least two dynamic imaging modalities including multiphasic spiral computed tomography, dynamic magnetic resonance imaging, and arteriography, or by one single positive imaging technique with serum α-fetoprotein levels ≥400 ng/mL. The up-to-7 (UT7) criterion was defined as the sum of the tumor number and the diameter of the largest tumor.
14 To meet the UT7 criterion, the sum of scores should not be more than 7.
If the sum of the tumor number and the largest diameter exceed 7, the subjects could not meet the UT7 criterion. The design and procedure of the present study was approved by the Institutional Review Board of the Ajou University Hospital, Suwon, South of OS, univariate and multivariate Cox regression analyses were performed. Hazard ratios (HRs) were calculated with 95% confidence intervals (CIs). A p-value of <0.05 (two-sided) was considered statistically significant.
Baseline characteristics of enrolled patients
Among the 7,715 patients, 214 without BCLC stage information were excluded and data of 7,501 patients were analyzed. The median follow-up period of the enrolled patients was 27.1 months (range, 0 to 73 months). Table 1 shows baseline characteristics of the included patients. The patients consisted of 5,930 men (79.1%) and 1,571 women (20.9%) aged 59.63±11.65 years. The main cause of underlying liver disease was hepatitis B virus (HBV) in 4,547 patients (60.6%). Hepatitis C virus (HCV), alcohol, HBV/HCV coinfection, and other causes were accounted for 798 (10.6%), 90 5(12.1%), 103 (1.4%), and 1,148 (15.3%) patients, respectively. In CP classification, 5,295 patients (70.6%) were classified as having CP class A, and 1,748 (23.3%) and 370 (4.9%) patients were classified as having CP classes B and C, respectively.
In the aspect of BCLC stage, 665 (8.95%), 2,952 (39.4%), 853 (11.4%), 2,534 (33.8%), and 497 (6.6%) patients had cancer stages A, B, C and D, respectively. When we classified the patients according to the modified UICC stage, 1,093 (14.6%), 2,749 (36.6%), 1,952 (26.0%), 912 (12.2%), and 750 (10.0%) patients were categorized into modified UICC stages I, II, III, IVa, and IVb, respectively. In terms of PS, 4,088 patients (54.5%) were categorized into PS 0, and 815 (10.9%), 203 (2.7%), 94 (1.3%), and 68 (0.9%) patients were categorized into PS 1, 2, 3, and 4, respectively. Fig. 1 shows the comparison of OS according to BCLC stage, modified UICC, and PS. The OS distributions were significantly different according to BCLC stage, modified UICC stage, and PS. The patients with more advanced stage showed significantly poor OS both in BCLC stage and modified UICC stage. The distribution of OS was significantly different across PS 0 to 3; however, no significant difference was found between PS 3 and 4 (p=0.836).
RESULTS
Heterogeneity of BCLC C
Baseline characteristics of the patients with BCLC C stage are reported in Table 1 . The heterogeneity of the BCLC C stage was reflected by several variables. According to the modified UICC stage, which was derived from the TNM stage by considering only the tumor factors, the patients with BCLC C stage were redistributed according to modified UICC I (72 patients, 2.8%), II (262 patients, 10.3%), III (737 patients, 29.1%), IVa (785 patients, 31.0%), and IVb (651 patients, 25.7%). This result represents the heterogeneity of the BCLC C stage in the aspect of tumor extent. The heterogeneity of the BCLC C stage mainly resulted from PS 1-2 patients without any VI or EHS being categorized under BCLC C considering PS. It also caused an unexpected result in the survival analysis according to PS in C stage (Fig. 2) . Generally, better PS implicates better OS; however, the patients with PS 1 had significantly better OS than those with PS 0 in BCLC C stage. The heterogeneity of the BCLC C stage also caused discrepancies between treatment guidelines proposed by the BCLC system and real clinical practice. The patients with BCLC C stage were treated with various treatment strategies including surgical resection, radiofrequency ablation, transarterial therapy, or sorafenib.
A BCLC 
Suggestion of modification of the BCLC system
As demonstrated in the above section, BCLC C stage represents considerable heterogeneity in the aspect of tumor extent. It causes discrepancies between treatment guidelines and real clinical practice. Therefore, we devised modified BCLC models by reducing the role of PS and giving more weight to tumor extent.
Two modified BCLC systems (m-BCLC #1, #2) were derived by re-allocating the patients with PS 1-2 and without any VI/ EHS (Fig. 3) . At m-BCLC #1, patients with PS 1 (no VI, no EHS) were re-allocated into BCLC 0, A, or B according to their tumor burden, whereas both of patients with PS 1 and 2 were re-allocated at m-BCLC #2. While m-BCLC #1 and #2 were devised by discussion of four hepatologists in Ajou University Hospital (H.J.C., J.Y.C., S.W.C., and S.S.K), m-BCLC #3 was the modified model derived by Hsu et al. 15 Hsu et al. proposed three modified BCLC models (#A, #B, and #C) based on PS. They suggested that #C model (the same model with m-BCLC #3 in our study) is the most explanatory model after comparison of prognostic implication between the modified models. m-BCLC #3 led to re-allocation of patients with PS 1 (no VI, no EHS) into BCLC B stage, although they were originally classified into BCLC C stage. Fig. 4 shows the comparison of OS distribution according to the stage in the m-BCLC models. All of the staging systems including the original BCLC system and m-BCLCs showed significantly different OS distribution from stage 0 to D (all p<0.001). Table 2 shows the results of Cox regression analy- By considering AIC and IAUC, m-BCLC #2 was supposed to be the best explanatory model with good prognostic accuracy. In the comparison of OS according to PS in m-BCLC #2 model stage C, the patients with PS 0 showed the best OS, followed by the patients with PS 1 and PS 2 (Fig. 2B) .
Although overall discrimination function was improved in m-BCLC#2, the discrimination function between C and D stage was worse in modified BCLC#2 (AIC, 0.581; 95% CI, 0.576 to 0.586) compared to original BCLC (AIC, 0.545; 95% CI, 0.541 to 0.549). 
Proposal for subclassification of m-BCLC #2 stage C
Although the heterogeneity of stage C was much improved in m-BCLC#2, the first treatment option applied and survival were still heterogeneous (Table 3) . Therefore, we tried to propose subclassification of m-BCLC#2 stage C. Cox regression analyses were performed to identify independent risk factors associated with OS of the patients with m-BCLC #2 stage C (Table 4) . Higher CP score (8 or 9: HR, 2.17; 95% CI, 1.87 to 2.51; p<0.001), poorer PS (2: HR, 1.50; 95% CI, 1.20 to 1.86; p<0.001), beyond UT7 criteria (HR, 2.56; 95% CI, 2.19 to 2.99; p<0.001), and presence of EHS (HR, 1.52; 95% CI, 1.36 to 1.71; p<0.001) were identified as independent risk factors of poor OS in multivariate Cox regression analysis. By using these variables, which were identified as risk factors for poor prognosis, m-BCLC #2 C stage was further divided into four groups (C1-4) by considering clinical variables that affect treatment decision (Fig. 6 ). Patients with a CP score of 8 or 9 or with PS 2 were initially classified into C4. Among the subjects with a CP score of 5, 6, or 7 and with PS 0 or 1, the patients without EHS and within UT7 criterion were categorized into C1, and patients without EHS and beyond UT7 criterion were categorized into C2. The remaining patients with CP scores of 5, 6, and 7 and PS 0 or 1, and with EHS were categorized into C3. Fig. 6 shows the OS distribution according to subgroups C1, C2, C3, and C4. The subgroups showed significantly different OS distribution from stage C1 to C4 (all p<0.001). Heterogeneity of applied treatment much improved after subclassification of m-BCLC#2 stage C (Table 3) . About 73% of stage C1 patients were performed local treatment such as resection or transarterial chemoembolization (TACE). In stage C2, TACE was most frequently applied treatment (48.1%). The proportion of systemic chemotherapy including sorafenib was applied most frequently in stage C3 patients compared with other subclass. In stage C4, more than 50% of patients were treated with only conservative care.
DISCUSSION
According to the definition of the BCLC system, BCLC 0, A, and B include only the patients with PS 0, while the patients with PS 1-2 are classified into C stage. Although BCLC system suggests that diminished PS by tumor itself should be considered as the determinant of HCC staging, it is difficult to discriminate whether the deterioration of PS is caused by HCC itself or by other issues including underlying liver disease. Therefore, it causes considerable heterogeneity in the C stage in the aspect of tumor extent. 4 The heterogeneity of tumor extent causes discrepancies between treatment guidelines of the BCLC system and real clinical practice as demonstrated in the present study. Therefore, we proposed modification and subclassified BCLC system by reducing the role of PS and giving more weight to tumor extent to derive more clinically relevant staging system. Hsu et al. 15 reported that the prognostic accuracy of the BCLC system could be enhanced by modifying the BCLC system based on PS. They proposed three modified BCLC models based on PS, and the best model was included and analyzed as m-BCLC #3 in the present study. As a result, the modified model proposed by Hsu et al. showed better prognostic accuracy than the original BCLC system. However, m-BCLC #1 and m-BCLC #2 models, which were devised in this study, showed superior predictive performance than the model of Hsu et al. The model with best prognostic capability was identified as m-BCLC #2, which was devised to put the least emphasis on PS and allocating more weight to tumor extent. In the m-BCLC #2 model, stage C is defined by the presence of preserved liver function (CP class A or B), with PS 0, 1, or 2, and with VI or EHS. To facilitate treatment decision for patients with stage C, we proposed subclassification of stage C in the m-BCLC #2 model by considering clinical and statistical aspect (Fig. 6) . C1, C2, and C3 include only patients with relatively preserved liver function (CP scores 5-7) and good PS (PS 0 or 1) that are supposed to be tolerable for specific HCC treatment. [16] [17] [18] C4 includes patients with impaired liver function (CP scores 8-9) and poor PS (PS 2) that are supposed to be not tolerable for spe- cific HCC treatment. C1 and C2 include patients without EHS, but with VI. C1 includes patients with relatively small tumor burden (within UT7) without EHS, whereas C2 includes patients with relatively large tumor burden (beyond UT7) without EHS. VI has been considered as a contraindication to local therapies, such as TACE and surgical therapy. Therefore, the BCLC system recommends systemic therapy in the form of sorafenib for patients with VI. However, increasing evidence shows that local therapies, including TACE, transarterial radioembolization, radiotherapy, and surgical resection, improve long-term survival in selected patients without major VI. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Therefore, the treatment decisions for patients without EHS but only with VI, such as C1 and C2 patients, should be individualized considering tumor number, tumor size, tumor location, and degree of VI. C3 includes patients with EHS, preserved liver function, and relatively good PS. Patients with C3 could be treated in the form of systemic therapy, such as molecular targeted therapy including sorafenib.
In the subclassification, we selected UT7 criterion to divide C1 and C2. The UT7 criteria were firstly introduced by the Milan group to select appropriate liver transplantation recipients for expanding the Milan criterion. 29 The clinical usefulness of this criterion has been validated by several studies. 30, 31 Bolondi et al. 5 applied the UT7 criterion in the subclassification of patients in BCLC B stage. 8 They applied this criterion to distinguish major from minor tumor burden by panel discussion of experts, and the predictive capability of the subclassification has been validated. 32 In the present study, we also selected UT7 criterion as a cutoff value to divide tumor burden into major and minor by considering previous literatures and statistical results. With regard to the underlying liver function, the cutoff value was decided by considering both statistical analysis and previous literature about HCC treatment in CP class B. The treatment for HCC patients with CP class B has been controversial. Recent articles have indicated that patients with a CP score of 7 have a survival benefit in the treatment of TACE or sorafenib, [16] [17] [18] whereas the survival benefit of patients with a CP score of 8 or 9 was unclear. Survival analysis of our data also demonstrated better prognostic capability when the cutoff value was determined as CP score of 7. Therefore, in this study, patients with a CP score of 5, 6, or 7 were classified as the group with preserved liver function, whereas those with a CP score of 8 or 9 as the group with impaired liver function and categorized into C4 subclass. This study has several limitations. First, the extent of VI could not be used for subclassification in this study. Several studies have been conducted regarding the subclassification of BCLC C stage. 33, 34 They mainly focused on the extent of VI and the mode of EHS. Both VI and EHS are important variables, and the presence of EHS or VI were identified as independent risk factors for predicting poor OS also in this study. However, the detailed information regarding the extent of VI was lacking in the 2009 to 2013 data of KLCSG, and only the information on the presence of VI is available. Further modification and subclassification considering the extent of VI may be helpful for more detailed and individualized HCC approach. Second, although m-BCLC#2 showed better overall discrimination function compared to original BCLC, the discrimination function between C and D stage got worse in modified BCLC#2. It might be caused by reallocation of the PS 1-2 patients without VI or EHS into stage 0, A, or B.
In conclusion, this study developed a more accurate and relevant staging system for patients with HCC by modification and subclassification of the BCLC system, which is expected to improve the heterogeneity of the BCLC C stage. The heterogeneity of the BCLC C stage hinders the clinical application of the BCLC system by causing discrepancies between the BCLC treatment guidelines and clinical practice. This study could help overcome the limitations of the current BCLC system and allow its broader application worldwide. External validation of the proposed modified BCLC model is required to verify its clinical applicability. Careful further modification and subclassification considering real clinical practice could achieve more accurate and applicable staging system for individualized approach in patients with HCC.
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